ABSTRACT -The current study was aimed at investigating the use of different fertilizers -dicalcium phosphate, biosolid and quail feces -as a strategy for water fertilization in Daphnia sp production. It was used twenty-four 100-L tanks of asbestos cement distributed in a completely randomized split-plot design with six replicates, with plots in the three kinds of fertilizers (biosolid, dicalcium phosphate, and quail feces) and a control without fertilization (WF) and subplots at the times of assessment (days 8 and 13). It was assessed the biomass production of Daphnia sp. and the following water quality parameters: chlorophyll a, electrical conductivity, pH, dissolved oxygen, temperature, ammonia and organic nitrogen, total phosphorus and total hardness. There was a significant correlation between the values of chlorophyll a and biomass weight of Daphnia sp, which indicates interactions between phytoplankton and zooplankton communities. The maximum weight of Daphnia sp. biomass is found in tanks fertilized with quail feces (35.98 g), followed by the biosolid (16.80 g), control without fertilization (6.75 g) and dicalcium phosphate (5.24 g).
Introduction
The addition of fertilizers in nursery ponds is a common practice in aquaculture. The nutrients from fertilizers are incorporated into plankton biomass (phyto and zooplankton) and, through a complex web of assimilation and recycling, they reach the cultivated aquatic organisms (Mischke & Zimba, 2004) .
Regular additions of nitrogen should occur in nurseries, as fertilizers or rations, to keep its concentration high enough for abundant growth of phytoplankton and, consequently, to obtain higher productivity (Boyd, 1997) .
The raise of natural food may be stimulated by the use of inorganic or organic fertilizers, which increases the availability of nutrients in the aquatic environment. Organic fertilizers have some advantages like the low cost, and it contains several macro and micro nutrients, however, it has variable availability and composition and may contain contaminants. On the other hand, inorganic fertilizers have advantages as the constant composition and availability, besides the easy adjusting levels of each nutrient, but it has a relatively high cost (Martínez-Córdova et al., 2004) .
Manure, especially from poultry and pigs, has been used effectively for plankton production in natural food organisms ponds and in fish nurseries (Motokubo et al., 1988; Faria et al., 2000; Faria et al., 2001; Feiden & Hayashi, 2005) . The use of human excreta and sewage in fish farming is also a very old widespread practice around the world (Edwards, 1992; Bastos et al., 2003) .
Every process of sewage biological treatment generates solid by-products (sewage sludge), which after properly treated and suitable for production applications are named biosolids. Those products have been used in farming practices as fertilizers or soil-conditioners (Andreoli et al., 2001) . However, in aquaculture practices, there are no records of biosolids being used as fertilizers.
The knowledge of the natural food has an influence in culture environments, and in their increase because fertilization strategies of the water can contribute to a proper feeding management by increasing productivity and sustainability of the aquaculture production, and reducing costs. The current study was aimed at investigating the use of different fertilizers (dicalcium phosphate, biosolid and quail feces) as a strategy for water fertilization in Daphnia sp production.
Material and Methods
The experiment was conducted at the Departamento de Zootecnia of Universidade Federal de Viçosa, from February to March 2008, during thirteen days.
It was used twenty-four 100-L tanqs of asbesto cement, distributed in a completely randomized split-plot design, with three kinds of fertilizers (dicalcium phosphate, biosolid, quail feces) and a control without fertilization, with six replicates each.
All tanks received clean water, 500 mL of green water (with wild plankton) and 0.26 g of Daphnia sp. biomass.
Six tanks did not receive fertilizer applications. Biosolid tanks received 50 g of biosolids; dicalcium phosphate tanks received 50 g of dicalcium phosphate and quail feces tanks received 50 g of quail feces.
The experimental tanks were dried and exposed to the sun for five days. After that, they were filled with water (clean water) from UFV water supply network. The water was dechlorinated by chlorine volatilization for three days.
The green water (water with wild plankton), which was used in tanks, was produced in a 500 L tank with Nile tilapia fingerlings (Oreochromis niloticus) fed a commercial diet.
The chemical fertilizer composition was analyzed in Laboratório de Análises de Solo de Viçosa Ltda. (Table 1) . Total levels of minerals were determined through acid extract (nitric acid with perchloric acid). Nitrogen was determined by Kjeldahl method and carbon monoxide by Walkley-Black method. Phosphorus was determined by colorimetry using Vitamin C as reductant. Calcium, magnesium, copper, iron, manganese and zinc were determined by atomic absorption spectrophotometer, and sulfur and boron were determined by colorimetry.
The physical and chemical water parameters were measured before the fertilizers application: pH using a digital pH meter, dissolved oxygen (DO) using a digital oximeter; temperature and electrical conductivity (EC) using a digital conductivimeter (measured in the experiment site -six replicates). Chorophyll a, total hardness, total phosphorous, organic and ammoniacal nitrogen were measured in laboratory (three replicates).
Water samples were collected and analyzed on days 8 and 13 of the experimental period, with each repetition consisting of a pool of two experimental unit samples.
The biosolid used in this study was produced from the sludge generated in the treatment of domestic sewageSistema de Tratamento de Esgoto Doméstico (Viçosa -MG); including an anaerobic reactor (UASB) plus a submerged aerated biofilter. The mud, already stabilized in the treatment system was discarded on a sludge drying bed, where it remained until reaching the humidity level recommended for cleaning by addition of lime (50%). Therefore, this material was mineralized and cleaned. The laying quail feces were collected on the floor below the animal cages. Feathers, remnants of broken eggs and other impurities were removed and then the feces were dried and ground.
One day after fertilization, 500 mL of green water were inoculated, and after two days, 0.26 g of zooplankton (Daphnia sp.) was added into each tank. The physical and chemical water parameters were measured of the green water and it was found the following values for each of them: pH 8.1, OD 5.9 mg/L, temperature 22.2 o C, EC 189.3 μS/cm, chlorophyll a 180.0 μg/L, total hardness 48.22 mg/L, total phosphorus 5.3 mg/L, organic nitrogen 5.3 mg/L. The value for ammoniacal nitrogen was not detectable.
The physical and chemical water tanks parameters were measured weekly. The water temperature was measured daily, at 8:00 a.m. and 6:00 p.m. The analyses were conducted at the Laboratório de Controle de Qualidade da Água da Universidade Federal de Viçosa according to methods described in Standard Methods for the Examination of Water and Wastewater (APHA, 1998) .
At the end of the experiment, the water in each tank was filtered to get the biomass production of zooplankton (Daphnia sp.) in control without fertilization, biosolid, dicalcium phosphate, and quail feces tanks. The algal biomass (phytoplankton) was indirectly measured by the chlorophyll a parameter.
The experiment was conducted according to a completely randomized split-plot design, with plots in control without fertilization, biosolid, dicalcium phosphate and quail feces and subplots at the times of assessment (days 8 and 13), in a completely randomized design with six replicates. Data was analyzed by analysis of variance. The averages were compared using the Student Newman Keuls test (P<0.05).
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Results and Discussion
The water temperature on tanks ranged from 24.6 to 30.0ºC during the experimental period, which probably did not affect the zooplankton production, because water temperature recommended for cladocera growing is 24.4 ± 4ºC (Sipaúba-Tavares & Rocha 2001).
The estimation of the chlorophyll a values is often used as an indicative of the phytoplankton biomass (Esteves, 1998) and the environment trophic state. The values of chlorophyll a was significantly (P<0.05) higher in tanks fertilized with quail feces (52.33 μg/L), followed by biosolid (4.83 μg/L), dicalcium phosphate (3.16 μg/L) and control without fertilization (0.83 μg/L) ( Table 2) .
The higher values of chlorophyll a in tanks fertilized with quail feces could have a correlation to the nutrients levels, also higher, in this fertilizer (Table 1) , like the nitrogen and the carbon from carbon monoxide, which serve as essential nutrients for the algae growth. Similar results were found by Feiden & Hayashi (2005) and Faria et al. (2000) , who observed high planktonic organisms densities in ponds fertilized with poultry manure.
Nitrogen and phosphorus levels found in tanks with different kinds of fertilizers could be related to the fertilizers composition (Table 1) .
The ammonia nitrogen values were different among the different fertilizers applied and the days of evaluation during the experimental period (Table 3 ). There was a correlation between the N-NH 3 pattern change and chlorophyll a levels in tanks with the different fertilizers. The nutrient intake occured only at the beginning of the experiment and the biomass of the organisms increased during the experimental period, therefore, the nutrient consumption increased and the water ammonia nitrogen reserve were gradually depleted.
There was a higher availability of N-NH 3 (day eight) in tanks fertilized with quail feces, which could be correlated to the higher chlorophyll a and organic nitrogen levels, a parameter that includes the algal biomass nitrogen. It was also found a correlation between organic nitrogen and ammonia nitrogen variations, and the reason for that could be the cellular synthesis of planktonic organisms from the ammonia consumption (ammonium ion).
Phosphorus values decreased in all tanks, except for dicalcium phosphate fertilizer, in which the chlorophyll a concentration increased, probably because of the nutrients absorption by phytoplankton. There were traces only of phosphorus in tanks without fertilizer, and in tanks with dicalcium phosphate there was an increase of its values from the 1st to 13th day, which could be explained by the composition of this fertilizer.
The nitrogen values were higher than phosphorus values on the fertilizers composition, but did not reach the nitrogen and phosphorus ideal ratio (8:1) for the optimal growth of aquatic plants (Tundisi, 2003) . Therefore, the nitrogen may have limited algal growth.
The total hardness values found in the control without fertilization, biosolid, dicalcium phosphate, and quail feces, certainly reflected the levels of calcium and manganese of fertilizers (Table 1 ) and correspond to the range recommended for aquatic organisms cultivation.
The highest values were found in tanks fertilized with quail feces, followed by biosolid, dicalcium phosphate and control without fertilization (Table 3) . Levels of total hardness water above 20 mg/L are considered ideal for aquatic organism cultivation, assuring adequate calcium and magnesium levels (Sipaúba-Tavares, 1994) .
The pH value on day 8 was significantly (P<0.05) high in tanks fertilized with biosolids and quail feces, and lower on those fertilized with dicalcium phosphate. In tanks without fertilization, the water pH value was intermediate in relation to the others (Table 4) .
Those changes in pH values may have occurred because of the high photosynthetic activity on first eight days in tanks that had high phytoplankton production (biosolid and quail feces), with an increase of oxygen production and pH values, as a result of the higher carbon dioxide (CO 2 ) consumption (Sipaúba-Tavares, 1994; Esteves, 1998) . This increase of phytoplankton production may be related to greater nitrogen availability in these tanks. On the other hand, pH reduction from the eighth to the 13th day, which was higher in tanks fertilized with biosolid and quail feces, may be related to the organic matter deposition at the bottom of the tank, a phenomenon observed by Feiden & Hayashi (2005) and Hayashi et al. (1999) .
The dissolved oxygen value was significantly (P<0.05) high on tanks fertilized with quail feces, but there was no statistic difference between values from control without fertilization, biosolid and dicalcium phosphate (Table 5) .
The increased dissolved oxygen values in tanks fertilized with quail feces was, probably, caused by the intensification of algae photosynthesis activity. In hypertrophic and low buffering capacity systems, photosynthetic organisms can greatly change the pH and availability of oxygen and nutrients, such as nitrogen and phosphorous (Pinto-Coelho, 1985) .
There was a significant difference (P<0.05) between the electrical conductivity values of the different kinds of fertilizers and the control (Table 5) . It was significantly high in tanks fertilized with quail feces. Electrical conductivity values were intermediate in tanks fertilized with biosolid and dicalcium phosphate and lower in control without fertilization.
The higher nutrient levels in quail feces could explain the higher electrical conductivity values in tanks fertilized with them (Table 1) , as shown by Faria et al. (2001) . Therefore, fertilizers with higher nutrients levels had Table 3 -Average values of water quality variables on days 8 and 13
Averages followed by the same letter in line and capital letter in column do not differ (P<0.05) by SNK test.
greater amount of salts dissolved in water and higher electrical conductivity values. There was a significant correlation (P <0.05) between control without fertilization, biosolid, dicalcium phosphate and quail feces and the Daphnia sp. biomass production in tanks. The maximum weight of Daphnia sp. biomass was found in tanks fertilized with quail feces (35.98 g), followed by the biosolid (16.80 g), control without fertilization (6.75 g) and dicalcium phosphate (5.24 g), however, there was no significant difference between biosolid, dicalcium phosphate and control without fertilization (Figure 1) . Similar results were found by Faria et al. (2000) and Soares et al. (1997) , which observed higher plankton production in ponds fertilized with poultry manure.
The increased availability of nitrogen in ponds fertilized with quail feces provided further algae development, and because they were the main food source for Daphnia sp. kept in the experiment, tanks fertilized with quail feces had increased production of Daphnia sp. biomass.
There was a significant correlation between the chlorophyll a values and the Daphnia sp. biomass weight, which indicates interactions between phytoplankton and zooplankton communities. These interactions can be explained by the fact that zooplankton are filter feeders microcrustaceans, which consume organic matter (phytoplankton, protozooplankton and the bacterioplankton responsible for decomposition of organic matter).
Although there was no significant difference on biomass production values, it was observed an increase of 149% in the Daphnia sp. biomass absolute value in tanks fertilized with biosolids in relation to the treatment without fertilization.
Conclusions
The fertilizer with higher nitrogen levels (quail feces and biosolids) is more efficient for plankton production. Supplementation only with phosphorus promotes smaller growth. 
